. This analysis does not explain why sites that have large carbon stocks tend to undergo the biggest losses. One explanation arises from the Arrhenius function, which predicts that 1 °C of warming should have a larger propor tional effect on enzymatic activity at the low temperatures typical of high latitudes than it would at warmer, low latitudes. Kinetic theory also indicates that the activation energies of enzymatic decomposition reactions (the minimum energy needed for such reactions to occur), and hence the temperature sensi tivity of the reactions, should be high for the complex substrates that are common in humus rich, wetland soils at high latitudes 3 . But I suspect that an equally large or even larger factor is the exposure of increasing amounts of soil carbon to microbial decay when permafrost thaws and when flooded soils dry out. Models are only just begin ning to include the effects of climate change on the exposure of soil carbon to microbial decomposition 6 
ST E P H A N I E L A M A S S A
S upermassive black holes are millions to billions of times more massive than the Sun and reside at the centres of almost all large galaxies such as the Milky Way 1 . Some of these black holes are actively growing by accretion, a process in which material close to the black hole cannot escape the strong gravi tational field and is ultimately pulled into the black hole. These growing black holes, or active galactic nuclei (AGNs), release large amounts of energy from the accretion process, making them visible across the Universe. Writing in Astronomy & Astrophysics, McElroy et al. 2 and Husemann et al. 3 report that the emis sion spectrum of a nearby AGN has changed dramatically in the past five years, providing valuable insight into the physical processes involved in blackhole accretion.
Clues to the growth of black holes are imprinted in the optical spectra of AGNs. Just as a prism splits white light into its component colours, these spectra reveal the composition of matter, because atoms, ions and molecules emit light at specific wavelengths dictated by quantum physics. In the case of AGNs, light emitted by the accreting material energizes the surrounding gas, which produces prominent emission lines in the gas's optical spectrum.
These emission lines also tell us about the motion of gas in the AGN. Because gas close to a black hole orbits at high velocities (up to thousands of kilometres per second), the emission lines from these regions are broad ened as a result of the Doppler effect: light emitted from gas moving away from Earth is shifted to longer wavelengths, whereas gas moving towards us emits light that is shifted to shorter wavelengths. Conversely, gas farther away from the black hole travels more slowly (hundreds of kilometres per second) and produces narrow emission lines. For some AGNs, we observe both broad and narrow lines, whereas in others we see narrow lines only.
The theory of AGN unification 4, 5 posits that all AGNs are inherently the same -namely, these phenomena are accreting supermassive black holes that are surrounded by gas and dust in the shape of a torus. Therefore, if we are looking through this enshrouding material, the gas near the black hole will be blocked from our view and we will see narrow emission lines only. However, if we are looking through the opening of the torus, we will observe both the broad and the narrow lines.
Although this theory explains why the optical spectra of many AGNs do not show broad emission lines, 'changinglook' AGNs have been discovered in which the broad lines have either disappeared or appeared over time. Some of these phenomena can be explained through the lens of AGN unification -if
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A black hole changes its feeding habits
In the 1980s, the gas surrounding a black hole in a nearby galaxy began to emit much more radiation than before. This change has unexpectedly reversed in the past five years, questioning our understanding of these extreme phenomena. This accretion process energizes the gas that surrounds the black hole, producing prominent lines in the gas's emission spectrum. Because gas close to the black hole is extremely energetic, the emission lines from this region are broadened as a result of the Doppler effect. In the 1980s, prominent broad lines appeared 9 in the optical spectrum of a blackhole system called Mrk 1018. The leading explanation for this change (indicated by the blue arrow) is that the accretion rate onto the black hole increased, energizing more of the gas and expanding the size of the broadline region. McElroy et al. 2 and Husemann et al. 3 have combined optical and Xray observations to show that, in the past five years, Mrk 1018 has returned to its original state (indicated by the white arrow). The authors suggest that this transition is due to a decrease in the blackhole accretion rate. the obscuring material is patchy, it can block or reveal the gas close to the black hole as it orbits 6 . However, variable obscuration cannot explain other changinglook AGNs 7, 8 such as Mrk 1018, the one studied by McElroy et al. and Husemann and colleagues.
In the 1980s, the optical spectrum of Mrk 1018 transitioned from having only narrow emission lines to also showing promi nent broad lines 9 . Variable gas clouds were ruled out as being responsible for this transi tion. Instead, the favoured interpretation was that the gas was energized by an enhanced rate of accretion onto the black hole (Fig. 1) . Such a change could have been caused by an increase in the gas supply near the black hole. For at least one changinglook AGN, it has been postulated that a nearby star was ripped apart by the gravi tational (tidal) forces of the black hole, and that this provided the fuel to reignite the AGN 10 . In 2015, Mrk 1018 was observed using the Multi Unit Spectroscopic Explorer (MUSE) installed on the Very Large Telescope in northern Chile, as part of a programme to study nearby AGNs. Using these observations, McElroy and colleagues serendipitously dis covered that the optical spectrum of Mrk 1018 has changed again, returning to the state before the broad lines became prominent. By com paring the MUSE spectra with archival data from the 1980s to 2009, McElroy et al. show that this latest transition happened in the past five years. This result constrains the lifetime of the previous stage (in which the spectra showed broad lines) to between 25 and 30 years. Like the authors of the earlier analysis 9 , McElroy and collaborators suggest that the transition was probably caused by a change (in this case, a decrease) in the blackhole accretion rate, rather than by variable obscuration.
In a companion paper, Husemann and colleagues focus on the Xray properties of Mrk 1018. In AGNs, Xrays are produced in a hot 'corona' that is closer to the black hole than the gas that emits broad emission lines, providing a direct probe of blackhole accre tion. Husemann et al. compare data that were taken in 2016 by two spacebased Xray observatories -Chandra and the Nuclear Spectroscopic Telescope Array (NuSTAR) -with Chandra observations from 2010. The authors find that the amount of Xrays emit ted by Mrk 1018 has significantly diminished over this time, and claim that this reduction is not due to absorption of the Xrays by the gas that surrounds the accreting material. Their results therefore support the conclusion that the transition of Mrk 1018 is not caused by variable obscuration.
From the hundreds of thousands of AGNs whose existence has been confirmed using optical spectroscopy, about 20 changing look AGNs have been discovered, and only 3, including Mrk 1018, have had broad emis sion lines appear and then disappear 7, 11 . Many of the known changinglook AGNs were discovered serendipitously, which has motivated dedicated searches to find more examples, taking advantage of spectroscopic data over multiple epochs of the Sloan Digi tal Sky Survey [12] [13] [14] . The pace of discovery will increase in the coming decade, thanks to current and upcoming observatories such as PanSTARRS and the Large Synoptic Survey Telescope, which will monitor the sky multi ple times with the aim of detecting transient phenomena.
Although changinglook AGNs are rare, they are incredibly useful because they provide us with an opportunity to learn about the phys ics of accretion and the evolution of AGNs. The analyses of McElroy et al. and Husemann et al. teach us about the intermittency of blackhole accretion, suggesting that the picture is more complicated than the shutting down of an AGN. The timescale of these transitions also poses serious challenges to standard accretion theories 15 , which operate over periods that are seemingly too short 8, 10 . Changinglook AGNs therefore serve as valuable tools for refining theoretical models, using observations that were not previously possible. 
